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(54) NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a non-aqueous 
electrolyte secondary battery with an excellent reliability 
capable of controlling a temperature of battery. 
SOLUTION: The non-aqueous electrolyte secondary 
battery is provided with a positive electrode provided 
with a positive electrode active substance; a negative 
electrode; an electrolyte; and a separator comprising a 
porous material. In the separator, three or more layers 
comprising polyolefin are superposed. The outermost 
layers of the separator comprise porous polypropylene. 
At least one layer of internal layers held by the . 
outermost layers comprising the porous polypropylene of 
the separator comprises porous polyethylene and a sum 
of thickness of the layers comprising the porous 
polyethylene is in a range of 40%-84% of a thickness of 
the separator. 
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in) -'$£?L1£tfy if^( PE, /¥*! 1 nm) - 



tfc*?LW#y ^DtVX PP, 1**7 /im) <£>3 «A» 
bfc£f**2 5 ^mcotffy >ir'<u — *£fflv* 

[ 0 0 7 8] <-^>^/U8 >-tf->r//U8 "Cfi, iT^U — 

^at, t&^jLRtfy rofcvx pp , 1**7 * 

m) -m#?LR^y * PE, /?*l 1 /im) -. 

f»£JL«#y ^ofc'U-X pp , /^7 /im) C03 
Jb/j:6i¥*2 5 jimOtfy ^U^W >ir^NU— ^^rffll> 
fc-ir^^i, -y->^/H ir!SimULrRiS52!^*m« 

LTIi. 14.^^1 4 0 fi CT'^6t) ^O^rfflV^^ 0 . 
[ 0 0 7 9 ] <-^>r/U9 >-^>^/U9 TM±, ir/<U — 
^HT, fifc^JLRtfy t'ux p p , /p.^9 /( 
m) -MW«xf^( PE, pm) 
trJlffirK 1 ) /ntVy( P P , um) <K>:\mfrb 

^ira^ti, -^>^/H i: IBI«^L-CR[S!ffl#**«|( 

-C(i, ift^^l 3 3 r cv&>zi><o&m\<*fz 6 
[ 0 0 8 0] <-^>y"/ui 0 >-^>^/H 0 T'fi, ir^^ 
LT, t^^TLft^y in^uX p £ , H*2 5 

Rf§!S^*ffi»K-^a:ftSi«rf^ffiiLfc 0 ^^o, fft#7LR 
^.^u^^ Ltlt, IHjft^l 2 5 c C-C^>>5^co^ffi 

[0081] <D->y^i i >-y->^/n i T-{±, ±s< 

u-^at, I^^TL^^y yafu>( pp, l%^2 
5 |/m) 5 a/ mC0/"Ky > 

[ 0 0 8 2 ] <-^>7 ! /H 2 >-^>^/H 2 T'ti, ir/^ 

u-^ar, ss^TLR^y ^fuyi pp , j?*i 

Aim) -'^[^TLR^y PE, »2 3 //m) 

-ts^TL^-Ky yofuy( p p „ m*i pm) (D3m 

7 , J^^5i¥*2 5 Aim^^i; *\s7 4 >±/<ls-?&m 
^tiZkWUZ* ihV^/H tra««wL-CRHffl#*« 

[0 0 8 3 ] W±<7DJ:9 tiLTf^^Ufc-y-^^yH 
[ 0 0 8 4 ] 

MiKMlt. Rttffl#***Krifc«?i!i^jE«*-f • • 
t AffiJa^SrO . 5 mDOVfyh tttt&C^ttlk-effi 
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^sr>M^^ffoA-^co^( iooi) t<ntt 



C 0 0 8 5 ] 

[ ?<l } 





•fc/(U — 
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P E 














P P 


P F 


P P 


rrj r_j v /o y 




(%) 


( V 3 — 




ttfitfiS 




(m ni) 


(/-tm) 




(Aim) 




(•c) 






& (°c) 


(mO) 




2 7 
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1 3 
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48. 1 


1 3 5 


42 


0/1 00 


9 9 


6 0 
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1 5 
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60 


1 3 3 


4 2 


0/1 00 


98 


6 0 
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2 5 
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1 5 


5 


60 


1 30 


4 2 


0/1 00 


96 


6 0 




2 5 
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1 1 


7 


44 


1 30 


4 2 


0/1 00 


! 95 


6 1 




2 5 


7. 5 


1 0 


7. 5 


40 


1 30 


4 2 


0/1 00 


9 5 


5 9 




2 5 


2 


2 1 


2 


84 


1 3 0 


42 


3/1 00 


93 


60 




2 5 


7 


1 1 


7 


44 


1 2 5 


4 2 


10/100 


1 0 1 


6 0 




2 5 


7 


1 1 


7 


44 


1 40 


4 2 


0/1 00 


1 1 1 


6 0 




2 5 


9 


7 


9 


2 8 


1 3 3 


4 2 


0/1 00 


1 0 9 


6 0 




2 5 


0 


2 5 


0 


1 0 0 


1 2 5 


4 2 


3 4/1 00 


90 


5 9 


-y->://n 1 


2 5 


2 5 


0 


0 


0 




4 2 


0/10 0 


1 2 0 


5 9 


v?zr>i i 2 


2 5 


1 


2 3 


1 


9 2 


1 30 


4 2 


2 9/1 00 


9 2 


60 



Bt^'y rc^u>conp:^^-t:/>Ju— ^ GO/fC-?*oD4 0 %~8 

~~v>>r/u$ (j, »> 3 -h m^^i^fijiiia^t^ 

[ 0 0 8 6 ] *m:#Lt, »#7LK^y ^^-uvcoip: 
^-tr^v — 9<nm&><D2 8 %. &t>'0 %, 

I T//U9 &tl*+»://H 1 T'li, *>a — h 

[ 0 0 8 7 ] »*TLIM*!J io<r>m-H1fi*'< 

u—?<nm?A-<D9 2 %, o o %, -f&frv^a 

>y/n 2 &v^>^/n o -Cfi. fitfl!ii*JttK£fiifaa 

*>3 -h mizmL x n&tttem^Wrb htetj^tzz 

[ 0 0 8 8 ] m^iti*) , t^^TLff^y t*U> 
co/l^-c04 0 %-8 4 %^$£(S-Cfr6#y ^1^:7^ >-ir 

<t dct d % *> 3 -h mftift&iis 

[ 0 0 8 9 ] ^fc. ifV^/H -1^^^yU8 <D*pX'h . 



f^^TLM^y ^^U><7DSi^l 3 0 r C~l 3 5 c C60$g 

«?a« & t/«a&rttttn: Kt - P*iu r t± Mite i^nt 

[ 0090] 'M^mtf 1 ) j-^u-vcogi.^^i 4 
o c cr'^5if>y^8 -cii, >3 -h 

[0 0 9 1 ] Sil±60- t J:9 . »*7LR^y m^uvco 
W?t£:lz'<i'— ?<r>mw>-i o %~8 4 %co«iiat L/z 
•*Uis^r, «*TL*M*!J ^^u>oiStt.««rl 30t 
-13 5 r C<7)$uSHi: -t ^ - t ^ . 5/ a — h mftii 

S M SI m raft c^lttJfi »M: feiroo co k.^ < * *s i > x 
[ 0 0 9 2 J$6C, »#?Hf5t;y fcfU^H<C4 

[ o 0 9 3 ] [ X«f^2 J Vli. -t'lu-? <r>%H 

[ 0 0 9 4 ] <ty7*/H 3 >-y-W/H 3 X'\%. 
lo—*b Lt, »#7L«*!J yat'u-X PP , ff^2 
/im) -ta#7L»"Ky xfuy( PE , ff*6 ;/m ) - 
'^?LP^Dfl/y( PP, /¥^2 /im) »3W»""-" 
&<C6ff^l 0 if ^l/7^yt/NU-^^ffiV^ 
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KrfcWfiSrftMRLfc. ***** Dtt&lLltW ^fiok 

[ 0 0 9 5 ] <^>^/H 4 A-l 4 T'fi, 

u-^tLT, n&TL&tf!) ^otruv( PP, i?^ 
3 . 5 /im) -»#7L»5Ky PE, fip^S „ 

m) -Ha^TLK^y ^nifuX PP , J?*3 . 5 /< 
m) <7X3 ^^^/^^Jfi^l 5 ^mCOtfy >"fe'* 

[ 0 0 9 6 ] <*)->zf/V\ 5 >-9"^^/Ul 5 T'fi, 

u- ; /at t tt^TLff^^ ^nt'ux pp , /f:^4 

urn) -m&1LKtfV PE, f?^i 2 ^m) 

-rAZiimtfy ^nt-ux pp, ^m) ^3 ^ 

/V*2 0 mtf)#y ^u-^ v-tr^V — ^Srffl 

I 0 0 9 7 ] <if>^/H 6 /H 6 T'fi, 

U-^lt, W#JLK#y fc a U>( PP, i?^7 
/im) -M$7L1ttf!> m^uX PE % fg^l 6 ,/m) 
-WlL^!i7'ot , l/>( PP, ;/m) CO 3 ^ 

/j»<bft*J¥*3 0 ;/ m<7>?Ky sfl" >t/^-^/^ffl 



ta»K- f^KLfco 

[ 0 0 9 8 ] <1t->y/H 7 >-y->7Vn 7 T-fi. i?'* 
^^U, »#ILKjKU ^otVy(PP, 10^ 
m) -»*7LR^y PE, 2 0 /im) 

ILUtfl) pp, 1 0 jim).0>3 /i/rG>#<5 

/?^-4 0 m<7)#y ^"U7^ ^^rffll>f- - t 

[0 0 9 9 ] <ih>yyH 8 >ih>y/H 8 T*{±, ir^> 
i^-nu, f&^TLfftfy ^nt*u> (PP, /p^i 
0 p m) -'A^TL^TKy m^U- >( P E , /?«^2 5 u 
m) -»#?L«*y T'Pt'uyJ PP , 0 ;im) 

(7)3 mfrbteZm 7*4 5 //mCOTKi; tU7^ >-fc^V — 

M#*mA?Wi:tf:mii!i£ (£RL fc„ 

loioo] a±oi9 nu-cffRLfcH-y^/n 3 - 

[0101] 
( ^2 ] 
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(/im) 


(Atm) 




CO 






£ (°C) 
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60 
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6/1 00 
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■y->7%i 4 
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4 2 


3/1 00 


9 9 . 


5 5 


■?>y0U 5 


20 
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1 2 
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1 3 1 


4 2 


0/1 00 


9 8 


5 7 


tf>7JH 6 


30 


7 


1 6 


7 


5 3.3 


1 3 1 


4 2 


.0/100 


93 


6 2 


V>?)Li 7 


40 


1 0 


20 


1 0 


50 


1 3 1 


42 


0/1 00 


90 


6 5 


?>7\/H B 


4 5 


1 0 


2 5 


1 0 


5 5.6 


1 3 1 


42 


0/10 0 


84 


7 5 



[0102] -?:C0^r't> . 5 /im 



~4 0 A/m<7)|&{S<!r ^tlfcf-VT'/H 4 — y*>;//H 7 
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[0103] W±<o-fc . »*?LSt*!J ^t'i/> 
a'u- ^;r*3^-c, t^u- ^co/ip^&i 5 // m —4 0 

[0104] [ £Sfe3 ] %9ft3 "CI*, -t/<U — ?0)£|R 

[0105] /H 9 >ih>^/H 9 X'li* 

mil) -ftt^TLf^ m^-uX PE, mx-l 5 ;/m) 
'i^^TL^y ;/n P P , ff*5jim) c/>3 /g? 

/>*t>teZm&2 5 nm % £F$^2 0 -A'\s-7 4 > 



[0106] <-^>^/U2 0 >-y->^/U2 0 tli. -fr'* 
u-*o£P£>:££3 0 %£ Lfc - tJEJL^Wi. t>^/H 

9 t mm'*-Lxwmm&*mm-}kmm&iiFmLtz 9 

[0107] <V>-?^2 1 /U2 1 T*fi, *fc'< 

u — ? co 3 5 %> L fc" i: tUMi, -0->^/H 

9 t mmizLxnmmft*MVr.&mk&femi*iz* 

I 0 10 8) <-tf-V^ , /U2 2 >1h> S/7U2 2 

u -*<7> 4 5 %£ L <t t>^/W 

[0109] <-^>^/l-2 3 >^>y'/^2 3 T'li, -fc'* 
u - 3/ co^ft^s o L fiz t HLW-IZ, -fr^/M 

9 t mm-\^ x mmmt*mm~#:m.m& r^wu 

[0110] <-^>^/U2 4 >-tf->"7VW2 4 "C(±, -fe'* 
U -*<0£F&^£5 8 %i: L f:I t £W(±, *>^/H 

[0111] a±^J:9 CLtl^ttty^H 9 ~ 
-»»://U2 4 (7)Riii«Ei^*ISl!?^i:^^ri!i(-ot^-c. _L 

[0112] 
[ ^3 ] 
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-tf->^;n 9 
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tf>7%2 0 
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! 6 0 
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0/1 00 


92 


6 5 


-y>^JU2 1 
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6 0 


1 3 1 


3 5 


0/1 00 


9 5 


6 2 


-tf >>0U2 2 


2 5 
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1 5 
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6 0 


1 3 1 


4 5 


0/1 00 


9 8 


5 7 


•9->> r ;u2 3 


2 5 


5 


1 5 


5 


6 0 


1 3 1 


5 0 


1/1 00 


1 00 


5 5 


-9-^^ 2 4 


2 5 


5 


1 5 


5 


60 


1 3 1 


5 8 


7/1 00 


1 0 5 


5 5 



^3 «fc»J , — *CO£|$l££2 0 %-5 8 %OjEffl 

ftt&mm*. &iznmiz+fttj;&ft?£m&*Lx\<*zz 

5 0 %(Om[MXh^>'^>y^2 0 — V->y/i>2 3 T'fi, 
^60^^:^2^>2 0 %T'^^^>-^/H 9 T'(i, v-3 — h 

2 4 til *&t/«»rt»«rti[uB8Lrn. ft 

[0113] W±co^<!: £9 % ^#TLK^y ^ntVy 



^>^^5-^^T, -tr^<U-^co^Pi>;^^3 0 %-5 0 % 
o*50S<l:^-^r.^{rJ:^ . *>3 -h m^^i^PJit 

[ 0114] ( ^4 ] -m*A X'tt, ±'<l--?COnfiM 
ffimi^^X&M^tz* WTi:^^, -ir^u — 

0 c mCOF^r^^^T^l^M-L, 1 0 5 e C 

iz&i££t\tzffiEL&ftx2 B$mmft^tz'&, %\<om<n& 

[0115] 
[ ftl 1 
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(%) = (30cm-A) / 30cm x 100 



A : 1 0 5*CV2*$m&fr&V>mm 



[01161 <-9->"7/U3 1 >-^>y/U'S 1 J£XT 
<DXo liLTlP*«*f(r**fl!i«:f^KLfc a if, IE 

I O I 1 7 ] if , fl^U f^AO. 5 -^t^ J^S$3 /< 

0 0 KZtofc&VS l#fflJfej£L fc, ftfe tlfcttftCoV^T 
X»E»ill^fTofctt*, J CPDS7r^/H:g» 
£ 4ifcL i Co O2 <7>f — ? <b &< — ifcL Tl ^ 0 
[0118] Z.(DLi Co O2 ^IftfcL, 

5 nmCOte Lfc 0 ^Lt, r COL i Co O2 

5 ®a«r»t a^*5 stc^> st^l 

ame iw<i: , tMtms m&nt zr&&L xiEm&m 

[0119] fciz, IEJ&##l£r, igflli ^6N-^ ^/u 
CD*?}) -£jE*gJfimf£T' 2 0 ^ m^^CDT 

[0120] ^t^eriaT^«t9 iiitraiyc, 

if, 0 0 IMi: 

b LTCD^ — /u? -;i/^t'y ^£-3 0 £fi;«5£: 

?:1 0 0 0 r CaTcoig./tT^A^gMi-^ - £ {- j; 15 
^f^?#fc 0 £<b(c, i^Mi^, 200W 
T*r£^£^fc:3-/U^-,'U^fcV?-£^L, 100 0 

[0121] ^bnfciifefbl»*uo^-cxi»[siw«fc^ 

J: 9 «it»»Srffofci r (002) SfcoraP^fi 

0 . 3 3 7 n mX'M % (0 0 2) SJ<7)C ft&&£?ff3t 

[±5 0 . OnmX'^oo/z 0 £fc, fc a * ^ -X — * ten* t) 

#*>fc3lE&/£l±2 . 2 3 g /c m 3 T'&>9 , 

0 . 9 8 g /c m 3 X'tbotZo BET ( Brunau 

er, Emmett. Teller) 9 jfefefctttrtEfBtt 1 . 6 

m 2 /g -e*>o . U — yiSJSfttUJ: 9 

fi, 3p*Stta*«3 3 . 0 ;im, SRfffl 0 1 3 . 

3*/m, gf#5 0 %tftS*f3 0 . 6 ,/ m , ^§t9 0%ft[- 

fl^5 5 . 7 umXfoofro lMx.Xs ft»fft*/£ffif*» 

m( Ammmw) &m^xj&totcm$tttt.*0>wim& 



f£tt. ¥-&)mX'7 . lkgf /mm 2 X'h-otz* 

[0122] m$2it&m&mz<o-h. znmtata&mv 
0 mm&t . ammi o it^?r^Ltti^ 

[0123] ■frm&m&f&filk ^oN-^ */i*tr 

nil -tirTX 7 !J -tt£Lfc a ^LT, - co 

^7!i -«rftffi«**-C*>*fl£* l 0 ^mco^co^fg 
»Sffii:iS-(: &tfu t£?£to K Ji £ JfML 

o— yu^u^tS6Srffl^-C9f^/E/3*C/Effil*S!f 6 

[0124] a±ooi:9 iibr»e>tLfcjE«& nmt 

[0125l::-C, ir/<u— L"C{i, ift*7L©# 
^nt>y(pp 4 ^5 A , m) -'^#7L^!; 
l/>( PE, i?^l 5 /<m) -tttf^TLK^S; 
( P P , /fL<?*5 /im) 603 Ji^b3te^/?^2 5 Arm. 
i|5iTif^4 tl/7^yt/<L/-^^ffll^: 0 f/<f 

xfu>atn 3 3 p c-c*>*t>a>&fflt* 

fc 0 ^Lt, t/<l/-^<09 0 jB«%7LS(i, 0.5^ 
m"C'^>o /i 0 

[0126] *<Dftmi-—ytrA'* y*&1fel,tz 

[0127] ^Lt^Ml^t5fc46C, 
SRico^y -Kw-«Sr*«(cEE#U, ft!i*g£ Mitel:: 

[0128] tit, ^oom?tfimco^^^m»i^^ 

ALfco w^lN7KmA?^(±. Li PFe k^^lsU — 
^-hi^f^-^-h^, If ttt'l 0 : 
4 0: 5 0 k LTgBKLfck<0£JSl^fc. 
[0129] ^IC, 7^7r^h «:ia*Lfctt»#tP 

^^^^h zftLxwimm&frLttozzkiixvm&tm 

W»W«:*f PTC*^ MtKl^m^ 
S:@JtLX«?tbrt^^e&tt«r(*»$-lf:, d^l 8 mmv— 

[0130] <-^V^/W3 2 >^>^^3 2 T'li, 
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— #<D&Mffim&3 %, 9 0 mmo/oR'te^O . 6,imt 

[0131] <^>^/U3 3 >1>-> >^3 3 T'(i, ffifc£ 

— ?<7>£Aite*£^£r5 % % 9 0 $fflf%?Lfl&0 . 5 /i m£ 
L/;:i:OTIi, i^>^/U3 1 £ TO!:L TPm§y#* 

[ 0 13 2] <-9->^VU3 4 >1^-70U3 4 T'ii. 
t^I 2 5 c CT'^^>i5 , r'!t^7Lit^ , >' ir^u 
— * OS»fl5e**«:7 . S %, 9 0 9RM%7L&«:0 . 4 /i 

[0133] <-^>-7VU3 5 >-fr>://U3 5 T'l±, fit. 6 
frl 2 0 r CT'^5^ILf^!) xfUV^ffll\ -fc'>V 

— *^jttte*MM£rl 0 %, 9 0 *«r%aa€ro . 3 u m 

[0134] <i^>^/U3 6 >-^>^/U3 6 T'fi, gfc* 

-9<nmzmm$:i 1 %. 9 0 %m%iim&o . 2 * m 

[0135] U±^0<t9 (iLTftsKLfc^VT/A-S 1 - 



*«|?|(-&«Ml«::3ttLT, 2 3 *:#ifflSc«fM;:fcji*T± 

TfimJE4 . 2V, laggO . 3 A^ftT'l 0 ARK 

^^mcE^m^tfo^, 2 3 c c^s^^^^^ 

ti BlflWftffKJ-OCViW««:ffir\ 4. isvj^T 
[0136] M^ilMM^ 

R«ssiis*«tt«rft«aiu#Lr, 2 3 c c«ria 
ft£ft£ttrM*4'U*»*T. ±nKta/E4 . 2v, m^i 

AW*ft^ RflHh Jt««E*lttffi*fttS:tfofc», 0. 
3 5 ACOTEttftiSftlB&HihffSS . 0 V*"CfTofc. -t 

«iL^mcE^m^tfo/zm, 3. 5 Aa3£tt8Mtf2&ft 

Jh1BE£3 . OVi-CfTot, *Lt, 0. 3 5AWSI 
U4t"fJ5 3 . 5 A Wgilfc<OS»*«r ft L 

[0137] ^±<OttJft€r«4 tr^-T 0 

[0138] 

[ «4 ] 
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(%) 


y>7fl>2 1 


1 3 3 


1 6 5 
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0. 5 


1 5 


0/50 


9 4 


54 


-tf-v^n-s 2 


1 3 5 


1 6 5 


3 


0. 6 


1 5 


0/50 


98 


5 3 


■y->7^3 3 


1 30 


1 6 5 


5 


0. 5 


1 5 


0/5 0 


9 1 


5 5 


•y->^;u3 4 


1 2 5 


1 6 5 


7. 5 


0. 4 


1 5 


0/5 0 


8 7 


5 3 


*>^;U3 5 


1 2 0 


1 6 5 


1 0 


0. 3 


1 5 


0/5 0 


8 2 


5 4 


n-yy^3 6 


1 1 7 


1 6 5 


1 1 


0. 2 


1 5 


5/5 0 


8 7 


5 2 



: M4 £*) , tf->?>3 1 —f->^/U3 6 & Vc$L-tZ>h . 
— ?0>XMXI8$*U 1 %ir$^i-C^<5-^V^3 6 it, 

vfr^R'Stfy ^f^v^iu 2 o c c~i 3 5 c ccofg 

H>£;ft, -fe^U— ^WJBWR«[»*«3 9 . 5%tS 
n-Ci^f-V^yUS 1 ~ih>"/yw3 5 ^ Jt»&LT^&^ 

^/U3 6 «0iEli^^¥Wl^l 5 //mt^lC 
fjtot, ^3 6 C0^^^^5^< /^oT^^l^ia 

So 



[ 0 13 9] -y->^/U3 6 (DX.0 iZ-t'<l'—? <F> 

[0140] :n?>©;i:J:5 , «*7LH^y 
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1*1 2 5 "C-l 3 5 X:<D$&WV$>ZZ t Km** *l> 
9. 5 »£lTWBi^ff*Lir^ i:^^I6o *rb 

[0141] J^±co::<t J;'; , 'faZlimtfV ~f*\?\s> 

mitotan . 'faZKMrtV x-fi'XnmM**'**'—* 
<7)np*<7)6 0 %X'P>Z>tf x ) tiris? 4 >-te'<\"—9%:fft\i* 

zm&r-ts^^x* 'fa&iimtfv ^u><oBfc.S&i 2 o 

r C~l 3 5 r C(Om.mt L , *COf?AlftflS^£9 . 

5 %&T<»m\Mk -is z t u«t ^ , aftiirtiftas 
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